Introduction
The nucleolus is a well-defined domain in the interphase cell nucleus in which ribosomal genes are located and ribosomal biogenesis occurs. The nucleolus can therefore be considered to represent a morphological entity constituted at the least of some ribosomal chromatin, substances involved in the control ofthe ribosomal transcription, and structures containing ribosomal transcripts. The greater portion of information on the structure-function organization of the nucleolus has been derived ftom ultrastructural studies in situ. Since the advent ofelectron microscopic techniques, the nucleolus has been shown to consist ofcomponents distinguishable by differences in staining properties and ultrastructural characteristics.
The nucleolar body itselfwas found to be composed of fibrillar and granular structures which are often, but not always, organized into a network separated by interstitial spaces referred to as nucleolar interstices or vacuoles. The fibrillar structures of the nucleolar body are usually composed oftwo types offibrillar material. One of these, the dense fibrillar component, is very electron opaque.
The other is a lighter material which constitutes roundish structures surrounded by and intimately associated with the dense fibrillar component. This more electron-translucent structure is called the fibrillar center. The granular component always shows an outer location with respect to the masses of fibrillar material. I In addition, the nucleolar body is surrounded by a layer of condensed chromatin of variable thickness. Extensions of this perinucleolar chromatin penetrate into the nucleolar body and are called intranucleolar chromatin. Thus, five structural components have been clearly identified in the nucleolus: the fibrillar center(s), the dense fibrillar component, the granular component, the nucleolar interstices or vacuoles, and the condensed associated chromatin (Figure 1) [for reviews see Goessens (1984) ; Smetana and Busch (1974) ; Busch and Smetana (1970) ].
The first cytochemical studies of nucleoli performed at the ultrastructural level, using enzymatic digestion (Bernhard and Granboulan, 1963; Marinozzi, 1963; Swift, 1963) , verified the composition of the nucleolus obtained in light microscopic cytochemical studies (Brachet, 1940; Caspersson and Schultz, 1940) , demonstrated the presence of RNA in the nucleolus, and provided more information on the presence of chromatin structures that penetrate from the nucleolus-associated chromatin into the nucleolar body itself (Granboulan and Granboulan, 1964; Smetana and Busch, 1964) . The development of high-resolution autoradiography enabled other important dynamic data to be obtained. Labeled RNA was first localized in the dense fibrillar component of the nucleolus (Figures 2 and 3) and also appeared in the granular component after longer incubation with the precursor (Granboulan and Granboulan, 1965; Karasaki, 1965) . The migration ofnewly synthesized RNA from the fibrillar component towards the granular component was confirmed by an elegant investigation on the sequential labeling of the fibrillar and granular components (Geuskens and Bernhard, 1966) .
Biochemical studies (Daskal et al., 1974) and correlated autoradiographic and biochemical analyses (Royal and Simard, 1975) in- 
Immunogold Methods
The use ofcolloids as immunocytochemical markers in electron microscopy was first introduced by Faulk and Taylor (1971) .
Since that time the application of immunogold in electron microscope immunocytochemistry has expanded. One ofthe main advantages of this technique is that the size of the gold particles can be varied (Horisberger, 1984; Frens, 1973) , 1981) . However, in post-embedding methods the labeling with gold particles is restricted to the surfaces ofthe sections. Only the antigenic sites exposed by the cutting procedure can be revealed (Stierhofand Schwartz, 1988; Bendayan et al., 1987) . This is a limitation particularly when antigens to be labeled are present in low amounts [review in Bendayan (1984) ]. In addition to these methods, the immunogold technique can be applied on ultracryostat sections (Tokuyasu, 1984 observed with both procedures. The labeling was found to be mainly concentrated over the perinucleolar chromatin and its intranucleolar extensions, which can come in contact with the fibrillar centers.
In addition, a few gold particles were present in the fibrillar centers, preferentially towards their peripheral regions ( Figure 10 ). In contrast, no gold labeling was observed on the dense fibrillar component.
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. ,, , (Thiry, 1988; Thiry et al., 1988; Scheer et al., 1987) . At the present time it is difficult to choose among the three following possible explanations:
1. The quantity ofDNA is below the limit ofdetection of this method. . : #{149} ,.
'-i:. et al., 1982b,1983b,c,1987a at a low temperature, a procedure known to be a suitable method for immunocytochemistry (Kellenberger et al. , 1987; Armbruster et al., 1982 Armbruster et al., ,1983 Carlemalm et al., 1982; Roth et al., 1981) et al., 1987; Prior et al., 1983; Reeder et al., 1978) 
Structure-Function Relationship of the

Nucleolar Components
The main goal of the present review has been to summarize, compare, and discuss data obtained in the past 10 years by means of cytochemical and immunocytochemical ultrastructural methods on the structure and function of the mammalian cell nucleolus. These data especially concern the precise location of NORs in the interphase nucleolus, the definition of nucleolar components engaged in transcription, and the structure-function organization of intranucleolar chromatin. (Thiry, 1988; Thiry et al., 1988; Scheer et al, 1987) and RNA polymerase I molecules (Scheer and Raska, 1987; Scheer and Rose, 1984) 
